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mvtm*<omm 

[It** 1 1 *MMMfcKfc»J«3ftfc* 1 ©**MMH* 
- Mtt*#t4 h7Vy^^i, id SB b y > v .X ? 

i co*g3*K<o±i^;&£iu 5iif«#Wft- 1 sff«#* 

ffRvmmm i «w<?)±i:fi?ntfflffl 

-ft$fLfc*2Wil6IRIRt, TOTBfill coM«§l<Od *>iffB 

ib* i <d*- frotpizi&mztitzm i (D-fy^t, mm 

Sl"«li$^S.o|trfB^ 1 oy7/i:it5nsil CO 

gm^? - v t „ wiBsP 2 d^Mio±t:-iuisjims»^ 

ii:ftS$ti^H2 <oi*m^ - > t *#tsr t 
[If** 2 ] *2I#:*««±^cd# l IUHKO±fc:X£jA 
tufB1^co±(c^J&2tt^lg2l6«R luffi^2 
S *tfc * - t , BtifB* - ;vco^tcfe it £ ft/h§U¥# 3 
s£ LT#j&£ ttr ffjfB* - Cliffs* 2 *6»Mo± 

[11**3] ^IH***^*©* 1 «ilO±t:Ii 

tit, RT»««±»-l»«# ; il*^L.T»J«Sitfc± 
Soffit *&-+2>* J r/*i'9 t> ltfB^r-¥^^>^co±ic 
J&jS3*tfc*2«*HI2:, HufE*2^,mMOd *>fulBT 

g ismecottriB n > ? 7 v m^±.^wm ? titz * - ;v 
[it** 4] *3t#*«co±7jic^ 1 imwkifcWrt- %> 

ft±£re«£^1-ft*^v:? £«r!Bfl 1 *&*gco±K 
® m-f ft Xg i , iff! 3 * ' < -> * CO ± K * 2 ft** IK * J£ 

a 1- 4 is t , fir ib * 2 mmm *■ / - - > ^ t -c m ie 

TfBm«cOlirfB=J>^^ h«*©±fc*-/l'*»*-*-* 
Igfc, atflB*-;KDJ|g-e<7)ft/MK)¥* s 3 0 nmi ^Ip 
v » j*mH * ItJfB * - ;H*l t tu I B# 2 *&HR co Jtffi K 



2 

MtSIgi, ffjfBT^5-=->7ARttfjfBTife»«S* 
£ /\° ^ - =- y ft ft i b K x <o frffi* - ;v * a L ~C liu IB 
TS&mffiKSM £ ti ft BBi&£ * bu lB»s 2 *B»ILh Kilt 
ftXflt £*"f ft £ t £#® t-t ft*«#:SScOM3t7j 

•f^vfltJi* Hit? yifAT >ov*T tt^-eab^-r £ 
*#«i:-r£Ifi#«4 ^E«tO**f(«11^«iS**o 

10 [0 0 0 1 ] 

^fogiM ic Mir h o 

[0 0 0 2] 

HJ6*<OttJHf] 7°l/-^fflF e R AM (ferroelectric r 
andom access memory) O^WMifc* * ^> ^ fiH 1 

[0 0 0 3] EI 1 K^X^ lOl^Hf 
^Sl^tll 0 2 fcffliftfc^i/MWfcl 0 3 tc«±. 

20 0 i±.tcr- HB»il*^L'r«**n.fc 

2o^- Mil 0 5 a, 1 0 5 b Mil 

0 5 a, 10 5b^fiWMflO^x^Iil0 3 
i:fjfi?^»»tll[««10 6a, 106bt** 
1 5 2 OOM O.S h 9 > y ^ ^ i*M S ft, -^tL^OM 

osb7>y^^i**K ^2 oleum 1 o 4 a , 10 

4 b i:l4bfttv^o 

[0 0 0 4] » 2 0*6SK 104b ^±ffi^^b*W*W 
« (CMP) fete £ 0¥ffi<t^ft> fO±I(7)±i:iix 

^r;7°ii 1 4 tcafcftfcsmmfr^^^^^^Qo 

30 ffiSJjirv^o 5iltm#^^^^v^ Qo tt. 

^ Hfit£^1-£TfB«;® 1 lla^ 5ilfm#BIl 1 
2a^ ±»lf 1 1 3 atttLtv^v^o Tfism 
1111 a*i, aStm^IRl 1 2 a^fe B B B ^4^tO«*t 

[0 0 0 5] £ MC. x>^rt7^Sl 1 4X^*2* 
II10 4 b<o±tctt. I3«K1 0 4 c#»Jft$ft 

[0 0 0 6] ^ fc. 2ooy- MSI 0 5 a, 105 

b <Dmm<o7fmmw&mM i o 6 a , 1 o 6 b <omM\z 

40 {iftiftiy'Jt^f KB 1 0 7«^titv^ 0 y'J 
f >f Kil 0 7<OOH^2 bM:® 10 5a, 

1 0 5 b h-5«*«±i:ii* 1 on » ^ h 
^iH17a«Jti, »>x;vl«l 0 3OlflS 
^y'Jt'f KB 1 0 7<0±i:ii*2O3>^^ h*- 
;H 1 7b«I$tLtv^ 0 Sfc. TSBSffil 1 1 a 
(0li:^303>^ 1 7 c36*JgtfE*ftT 

[0007] mi, *2W*3^3>^n*-;W 
1 7 a - 1 7 cW^ti. ^ ft^ft*«r« ^ ^ > x > 
50 *2R0 f #3Oittt^^ll8 
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a, 118b, 118 c«i?ittv^ 0 
[0 0 0 8] SfcK, ^rt^y^lMIl 1 3 aO 

[0 0 0 9] * 3 !6#gS 1 0 4 c <Z>±Ki5^T, ft 1 <?> 

mmafv^i 1 8 a±tc{i*mtt^-> ki 2 0 a a*j& 

j£$*tTv>& 0 

[0010] ttz, ft 3 mmm 1 0 4 c eo±-cti, m 2 

<r>mw&.7°7*r\ 1 8 b<n±wizmm2ti&t t&tc* 
4«3>^ h*-;n 1 5 ^ILT+t/iy^Qo C> 10 
±«**1 1 3 a cOgeiftl 2 0 b *»® 

**it, s&k, Tnmmi 1 1 a±oi3»iitt^ 

7 V 1 18 c co±iriift 2 cOgfiiH 1 2 0 c«?Ht 
[001 1 ] mmt;* 7 Kl 20 a, ft 1 OES 1 2 0 

bsy f ft2osaiai 2 o cwt, tti-rtiSHtrr^mt 

[0012] ft l - ft3<7)^> ^ ? 

1 1 7 a~l 1 7 c rtfC? >y*7- >*m<iS.£>&ts-fz 
feKii, KfctfXb LXX y yik?>rX7- >(WFe) , 20 
->9> (SiH4) Ob) ^ffl-t-SC VDfetcJ: 

[0 0 13] 

[§pjw s »$:LJ: 3 t-t&mm] L^L, fOli^S 

h*-/H 1 7 c *iILTdr^N°->*Qo OTSESSl 
1 1 atttJJl, ZhlZ, Tmmmi l l aCi&ot 

[0 0 14] *«BO|fl9li, ttOloav?^ r* 30 
[0 0 15] 

F7>y^?t Iff IB F5> * S-S^loftl^T 
Jfil"tS*t£ft 1 fuifift 1 <ommm<7)±izWi- 

Sr^TtS iffia^^/^v^S^fJlfift 1 <?? 

M««± tC^ES; * *tT*M:* s ¥:SH"fc $ *Lfc* 2 

r t , tuisft 1 <nmmm<v $ *>mmm 1 o^frM&^tto 

JL^ffMiSitfcft 1 <o^-)Vt, fufifift 1 <o*-;ko+ 

tc^$^7tft 1 <n>y°7?t, mmm 2 <vmmm<7> 7 
mm* tr**/ 9 <7>miBTS5ms t mm±$mm<v± k * 

ti^tiMJ&Ztlfc%2 C*-JVi:ft3 fiD*-;Pfc, frlB 
ffift 3 <o * - ;v 4- 3 L rm ffi±ffl$m* ksi* $ tifioM so 
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ffift 1 W7-^^^«tt&^i*ft 1 (omm^9-y Iff 

ffift 2 <0 * - ;v £• S L T liu IfiTflsmffi KSMS $ it & ft 2 
o**'<* - > k * m-t i fc 4 #® 1 1" h 

[0016] iBLfcHIli, #*#***>±:£<b* 1 
ft-4^^^Iit, ifflfimSW-ht'ff^Sft^ft 216 

*Ri, tffifift2*6«<73 9^ifiifimswmrie3>^^ 
h fl*<73± tc®^g § tt/c* ffjffi* - ;K7)ia \za 
ttSS/hKJ¥^3 0 nmi ^J¥v^T*jf«KtT;v5- 

ffift 2 tgMWO±CJg£3ti«&&V*'l t z 

tzmwik-r&^mvfmmiz x n«m^n^>o 
[0017] ^ipjjcitui', ^v^'yrzmiftL&m 
<z>±Ki&!&,zti&mmi&-)i>*mLt:* j r'iZ'9<DT 

&\5.m.7tif IZXstv f iZ X VM-Sg. 

[0 0 18] i ?t, *^(c<ttiJ^> m«o±co*-;i- 
[0019] MoT, **±.<7>*-;kct;v5 - ^ a* 

- V A R t <D KB 1 ffi Jh S ft * o 
[0 0 2 0] 

[0021] 112-11 0 n^mcom 1 nifeMMn^- 

**«E«0»3aXSK*+HflfiBI"C**o II 1 

-mi 5(4, ^mnm immMmiz&2,¥&i$.mu<D 
*v'**s9<n : &WLtmmMi&*m-$- T 7- m*i6]oifffi 

[0 0 2 2] S-f, H2»C*-*-*fffi«**»Jfi-r**-C 

[0 0 2 3] nlXliplOy'jny *«1 
SMt', LOCOS (Local Oxidation of Silicon) ft 

t LTST I (Shallow Trench Isolation) %MFB LT % 
X v> 0 

[0024] -^(oj;^ ^m^mmmm 2 ^m\^fz\k 
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[0 0 2 5 ] ^-<0ft. > l J 3 > 1 

1 1 y ^ n > sjti ^ m 1 1 ^ ^ ^ hmm 

y'J n/IiilSitMly'Jt^ F^^^^III^I 

y-H!5a, Bb^Mt^o ^V-trfl^BJSKis 
1 O(0p 7xil/3±i:ii2o(^y- MI5 a, 5 
b#lil*¥frfcBB1ISi'L*o ttlb<D<y- MffiS a, 

[0 0 2 7] Iv^t, y-hll5a, 5 bOWflljOp 

MOS Y y y i/ * 9 (DV - 7s / V 1/ 4 y ttz z> nl^a 
«f«6a, 6bW«o y')3>S 

a*?* tty- MS5 a, 5 b <0W««5frfcflHi|ft|ft 

j^jassftfe^t^y 3> (sio 2 ) iti^o 

[0 0 2 8] Sti:, y-Hf 5 a, 5bhll« 

4*y*&AirZ>Z.t\ l z£ 0 nS^ffiik»t6 a, 6 b 
^LDDiSi:f^o ft*, lo(0p»)x^3 fcisv* 

2^- M«5 a<0|HI»:«i nIMiffi 
fHSM6 b*±«J6-r&e^ httKittftMtctttt Sit. i 
fc, p * -x ;v 3 <0W«O 2 oo^^itfli 6 a 

[0 0 2 9] tll^J: 3 tc, ^^U-tr^HI^Op ^ x^ 
3T1i, f-Ml5a, 5btnl^«ti«6 
a, 6bfiaot2o^nIM0SFET«^ti 

[oo3o] im^m&&mm*%mvtz& 
a, 6 bftmwK^ti^ftMM&±m*y')^4 vms 

a, 8b««o ^x^ hx^f >^ia 

[0 0 3 1 ] 77XvCVDSi:i; ^ MOS 

F7>y^^*I^ *^R9 t LtKMvV-3> 

(SiON) 1 1 y ! J n y*t 1 2 0 0 n m^S 

SKJ&ft-T&o $ t>K, TEOS^^fflV^77X7 

cvDfticit)^ 0iosr B m#^i o^trzim^v 

'J3> (Si02) *35M**-Bt9±Kjft 1 . 0/imCOff$i; 

m^&o m^x, mivmmmmmi oatmmm 

WH (CMP ; Chemical Mechanical Pol ishing) &IZ X 

5 ffl L r * <o±® £ spffl* b1" * o 

[0 0 3 2] 3fefc. 13(a) i:*tiI^Mt^lt 
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[0 0 3 3 ] i-f, DC^?tti:J:oT, IS10 

0- 3 0 0 nm(077ft (Pt) IKSr* 1 OJiH«B^K 
1 0±i:MLt, £fcSr» 1 ^Oilll 1 k~t£o "7° 

7fti^*ioiraiii o fcoaF*te*3fc#i-& 

fe*^. -etl^UBKff £ 1 0-3 0 nm<7)f^ >JK£ 

7fflli, 7°7fHMt*otUV\ 

[0 0 3 4] 9 V V^ttfcJ: 0. P Z T 

((Pb(Zri-xTix)03)^^1^0«mKl 1*>±.K1 00- 
io 3 0 0 nm^)|St:fJSU Citi^MlMl 2hl 

[0 0 3 5] m^x, iffKtlcy^yiti * 
Mitf7 2 5t\ 2 OfMBk 1 2 5t/ 

sec <0*ft-C. 5t^«^M 1 2 P L Z TR* 

R T A (Rapid Thermal Anneal ing) j&»t & £ t K X 
*K P ZTHO|g s B ^fc^S^^f 

[0 0 3 6] &9IVK1 2 0«*Jfti ttlt ±EL 
/c7;;N 0 7^feOfti:xt°yt>?^ v^-^te. MO 
D (Metal Organi Deposition) ffi. MOCVDTO 

20 & 0 ttz, mmm^mi 2om^tLx^ PLzidea 

d lanthanum zirconate t i tanate ; (Pb i-3x/2La x ) (Zr 

1- y Tiy )03 ) > SrBi2(Ta x Nbi-x )20 9 (fit. 0 < x 
^1) , Bi4Ti 2 0i2 (OXn %¥X^xmitit&®}%:t** 
j&f&LX & X v^ 0 

[0 0 3 7] fO^^Mlffil 2*»J*Lfc« 

f (0±t:^ 2 <7)ill 1 3 1 1 tSjW U y ^ A (I 
rOx ) JH£^^ * V yy^ZX H 5 0 - 2 5 0 nm 
Off 3 §2(?)flll 3 k It, zf 

^ftlXliiVr^^Afx h nyf^A (SRO) II 
30 ^x;N°7^Si:i: «iLTUv^o 

[0038] ^<vmz, m2<ommwki 3ii:i/y^ h 
mavym i h^-> 1 4 £^j&-r&o 03 

(a) (0 I ~ Hft<OBfffiH*:ED 1 1(a) fc^i"*, 
[0 0 3 9] Jfefc, S3(b) , @1 Kb) K^ir X 3 
[Z^ il^^yXF/^->14^vx^;ffflLt| 
2^IlI13^X7f>^U ^tUCJ: ^of:^2 

[0 0 4 0] *10l/yxh/^->14 Sr«fe*Lfcgt 
40 iBJS6 5 0t\ 6 0^H^frt, ^r^v^fflS 

in 3 z*mmz^xmm^Mi 2*mmmm%* 

XT ^~~)l>-tZ>o :07--iWi, ^^^T/W 
x y f > ^(^ii: Ao - y ^ M1M 1 2£ 
m'^^:Z>tztb\z'iTt)iiho 

[0 0 4 1 ] **/<v*±»m*l 3 aSW 

tffil 2^±i:Py7>h^i*L, mm 
f^i^iU^ 12 4 (a) > 012(a) \zmir X n 
%2 (DWJX hs*?-> 1 5 H&JSu-t&o *2 coi/v^ 
h/N°^-> 1 5(i> MS (7- KID 5 a, 5 b 

50 oMfty7r^^3fe^fc^I^o^^/^ o v^±^m*Il 3 a^o 
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[0 0 4 2] ^60#, 14 (b) . El 1 2 (b) KSrf J: ^ 

StLfcaHK#:Rl 2 HtAy^ilftll 2 a t L 

[0 0 4 3] $2<7)PyX f;\ c ^-> 1 5 £i^SrL7^ 
fc. i&JK 6 5 0t\ 6 O^t^t^y^ilffil 2 

[0 0 4 4] |5(a) DTtJ:^:, ^rtA'y 

*JlS&«*1 3 as ^rtAy^iiMl 2 aM»- 
OSMJSl 1 0±C x>^t7^H 7 t LTAI2O3 

ilio x>*t7-/Il 7iLt, P ZT1, P L ZT 
■IXIiBHfc*- * >It»*Ltt -t v^ 0 
[0 0 4 5] ■eof}:, »#B^T% 7 0 0T\ 6 
0fJ?IH, #SM 1 2 5°C/sec cO^#T% .XV**? 
y°m 1 7W^r^^>^iI«l 2 a ^Mifti 

[0 0 4 6 ] H5(b) . HI 3 (a) 9 

fc, xv + t^ -/S 1 7 0±Cl/^ h £li*U itt 
£ C t K J; *9 . ^r^/N°y^ilMl2 

3^1/y^ 1 6t^tA 9 y^iiMl 2 a 

[0 0 4 7] %r<om~, m 1 3 (b) fc^-f J: -9 «3 

1 7^10*111 1 txyfv^u -tui 

J: *9»3 cOl/y^ h>**-> 1 6 OT^JSo fcX h 7 >T 
7Wl^IHl 1 ***/^>*TSB*«l 1 at 
Ltftfflt^o **^>*T«m«l 1 aWU 3r^v 

St & W£tl£ 0 iO&J^ »30l/y^W^->l 

6 *8ft*1-& 0 

[0 0 4 8] ZfLlzX »K |6(a) J; ^ ^> 

7 ^ ytt O 1 o O t ^° v ^ 1 2 a t^OTO 
^rt^y^Sffil 2 aR&**s*z/?T&WMl 1 

[0 0 4 9] »*#B*+T»ft 6 5 0°C. 6 

0*FlO*ftt\ ^^^y^fl#ll 2 a*7x-jl/ 

[0 0 5 0] 16 (b) irC^-f" X -5 fc. S4l»*#* 

t^y^Q5rai<7)iFII6ill 0O±i:, i2^i 
8 t LTRffl 2 0 0 nm^OSi02^^C VD 

ftUU Ei£^iLty7> (SiH 4 ) £fflv>-c£>J:v^ 
U TEOS^fflv^ffoTUv^ «K20HniKiKII 
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1 8<0*ffi£>¥ffi4fcli. ^r^<ym«fl 3 a 0>± 
ffi#>£> 2 0 0 nmcom^ t & £ 4 "Cff t>tl£ 0 

[0 0 5 1 ] B7(a) i:ftiS*fitl>S-e 

[0 0 5 2] if, flSU f *2^IMI110 J 1 

6 a, 6 b<D±lzay?? h*-;H 8 a, 18bli 
it^o ilSt/i2<7)iffli»I10, 18*:*-*- 

[0 0 5 3] i2^Ifl«Sll 5±Mtn>^ 

* 8 a, 18 brtBK. Asiy 9 V >?&K 

X (Ti) 14:20 nnu Sfb*- * > (TiN) §l£ 

5 0 nmOf^CfMU Clfi^l^tfltt^o 

;H 8 a , 18b *^t^lzn&&t?o 

[0 0 5 4] ZhK, f 2 5±<D?>r 
20 XfVlitfi^CMPftta^iU 

h*-;H 8 a, 18 brt^<0^^1~o «fc *K rr 

>^^F*-;H8a, 18 b\H<D9 >^f>f^t 
fi^ilS77^19a, 19bHT«It^o 

[0 0 5 5] ^^'J-fe^i^OlOOp^xJVS 
Ki5V*t\ 2o<7)y-Ml5a, 5bt:«itt^W 
<D n S[^*B»l£ik«* 6 b ±<om 1 O^lttt^ ^ 1 9 

cowts^o 2 2 osmt4*mtt-7°^ y 1 9 a t±. 

«»^&EiR*^LT**^i'*i:»**l 3 ai:l« 
[0 0 5 6] fO&i:, t>^rt"C3 9 0°C^S 

[0 0 5 7] B7(b) . HI 1 4 (a) 

[0 0 5 8] i2^ii*iI18tiltt7 7 

^ 1 9 a , 19b <0±tC. WtitffiskWk 20 t LTSiONH 
l7°7X7CVDSi:i; 1 0 0 nmOl^tcf 

^t^o £<DSi0N§m. (SiH 4 ) tN 2 0 OM^^f 

[0059] m^x, mitw±m2 0^11:7* v w 

v^lStll 3 aO±t*^y^T»itl 1 a co 

^ h Cfflv^xv^^ y y°m 1 7, f2 OlH 

tSltRl 8aWHftSSihil2 0tx7f>m:ti: 
J: 9, *t/<y^l»lil 3 a±t*^^>^T»t 
Si 1 aCOHZ^tti^etl^y ? ? h*-^2 0 a, 20 
b SrJBJfti-Ao 

so [0 0 6 0] ^t^y^TSflt 1 1 a±0 



(6) 
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n > ? h*-;W2 0 bOlSP^-ffiii. ^C±§IST-fiJx. 
tfl. 8 ^ m X 1 . 8 « rru 3U± 0 . 6^mXl. 8 ^ 

[0 0 6 1 ] 7*H/y^h Wmm) *BtSLfcft 

5 5 Ot;, 6 O^WW&ftTN ^1-A"y?it#;I 
1 2 a *m«#ffl»^t i T--JVLr. *S&* 
flcKl 2 aWlS^SttS. iOl^ iltt^5^ 
19a, 19b liflMblftihK 2 0 K X o TSMfca*l»jh $ 
;h- o 

[0 0 6 2]*:, 114(b) fc^l"** 

[0 0 6 3] if\ CF*O^Sr«v^TBIftl»ihil2 0 

[0 0 6 4 ] ^2C0lf||gill 8<9±£* 

W&r?*7?\ 9 a, 19 bOifcnv*^ h*-;U2 0 
a<OrtB±K. T»**Bt2 1 t Itlftf ^ > (TiN) 
R**/*? *KJ: «9^-T^o -(7)Ti*112 1 It 
flt^TiV^ ~*ARfc»ttt«>J:vv<y 71^: IT 

[0 0 6 5] ^^A'y^TStil 1 a_LOn>^ h 
*-;V2 0 bi*]CDTiN R2 1 W\ HI 1 6 KTfiir £ *> fc^ 

-;V2 0 bOJ!50S»SB<7)BIJ¥ t #3 5 nmfilii:*^ 

8 // mX 1 . 8^m. X^0. 6^mXl. 
8//m^l^oMi:^ j& 2 0« B#6liR 1 SOJi 
OTiN M<7>J¥$^ 1 5 0 nraHi:l:Mt^^>n 
h*-;W2 0 brtOJS»^*»t**V»»^(DTiN 12 1 
^Uli6 0 n mJ^±&C&& 0 

[0 0 6 6] 08, [H 1 5 (a) fc^f J: o K s T 

i&*SR2 1 Oli:7;K--)AR2 2 * \Z X 

QMHt-tZo 7il/^^l2 2^ R2SHIBMK1 
8^±tft5 0 0 nm^^i: ^ i:M$W D £43. 
7^^>)A12 2 K:l;£Sl;^*£ti£ £ £ i>&&o 

[0 0 6 7] IT, B9, H15(b) tC^-f <t 7 fc. 
7iV^^Al2 2 tT*il!2 l*7*f'JV^ 

1 1 aW^V^ 0 brt^fciWBfcSI&tti 
Sft&T«m*3iaK*l2 1 b«t^c ^t[W|B# 
tc> 7^5 - ->AI2 2 iT»il!2 1 

?LX, p ^;^3 ^^Smtt^^ 1 9 bO±lctf 
73>^ b/^y K2 1 c SrJ^jSi-* k i: *>fc, -f-OM 

2 0a ^llt^rt^y^iSlIl 3 aOJiBKSM* 

[0 0 6 8] itUC X *K ^rt^y^TMf 1 1 a 
f±. Tffl«*3imBEjiR2 1 b*:frLT«i2EIIMS« (7f 



10 

m^) ^mWiZti&o ifz, **/*->*±«««l 3 a 
Ut, ±»*S5iaBE»2 1 a. itttT^^/l 9 aM 
ftBuS&R^'JiM Kg 8 a ^^Lt p »)x;V3 0Ml 
«^<7>nMyFW%temffl«6 afcftfcSJ'U&o 
[0 0 6 9] T1I112 K7i^^^Al2 

9 (Long Through Spattering) £fflV^T i> X v^ c 
[0 0 7 0] HI 0Oi*t««t-5 4-COIg 

10 [0 0 7 1 ] TEOStV"Xi;fflv>/:7°7X7 
CVDSCJ: »)Si02llt**3 0«BHftlHR2 3aHt 

2 3 0 0 nm(7)S^*t^o £*UC J: ^ > % 2 Of 
IRMfeftKl 8, ±»««3iaiBE»2 1 a. T§re®3Iffi 
Bfilt 2 1b. 3>^?h;<7Kcli*3(0l IW«yf R 2 

3 a K J: *)mt>ti2>o ZtlKWt^X, f 3<7)iri«I 
2 3a (^SI^CMPftia ^¥ffl<t:i"^o 

[0 0 7 2] ££>K, TEOS^ffl^T77X-7CVD 
fti:i ^ Si0 2 Jt i94*««tt*Bi2 3 b*JS3 0lRH6 
iK2 3 a^_hi:fit^o fit, «3 0lfflft»I 
20 2 3 a tftS««R2 3 b */^-->^U, f£V 

7K21c <D±K*-)V2 2 a il&Jj&-j-2>o 
[0 0 7 3] 3 b^±It*-^2 

2 a <Dfam<0±K, mm 9 0 nm- 1 50n nKDMit^ 
9 > (TiN) <£ 9 &£^*B 2 4 £*y^y *ffiK«fc ^T&Wu 
U -?-<OfiL SSSK^^4 0 0°Ci:tSl, *-;l-2 
2 a ^S^^itf <t "5 tz~Xy >fy h 9 >^r>!2 5 

[0 0 7 4] *C r^^-^y h ^ >^f >12 5 
30 -;f;^ ^ Lt^-;V2 2 aOtCWSU *-iV2 
2 *n<r>rf*7>rv b ^ >Wt>12 5 ^zil^li 

[0075] -eoti;, ^mm 24. ^ > * >^ 
i-^>o M12 6 h u vy^y <i -mtz 

h/^y K2 1 c. -iiOfStt^^l 9bS 
tf*iK^^*^V*^ K18b^iMtnI^«»ffit 
ffl«6 b ^m*;fl9^Sfl***t&^^ MBL^Mt 

[0 0 7 6] ±ELfc«l»itll, ^-^y^v^TfBm 
II 1 a±(7)ny^y ht-^2 0 brt^fM^tt^T 
ifll2 1 k&£TiN KORJ**. h*-^ 
2 0 bOJH5»0«%*V^»^-C3 5 nmfll^l^a 
Tt:^^^, ny^^f*-^2 0bfltTi*ll2 1 
0±^^^tt^T;v^xi^AJK2 2h7°7fti:^^ 

[0 0 7 7] ^t^°y^±attl 3 a^7°7f 

so T**mil2 1 0±^7J^x7ASl2 2 ^TfB*mSI 
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tl&o 

[0 0 7 8] -tOJ: 9 TiN R2 1 Off 3 5 nm 
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[0 0 7 9] 

mil 



l 



Base 


LTS-TIN 


Brezk?Z-lUX 30min:N2> 




380 


390 


400 


410 


420 


430 


440 


450 


480 


Pt+EB 


35 


OK 


OK 


OK 


OK 


OK 


Break 








H-Pt+EB 


35 


OK 


Break 
















80 


OK 


OK 


OK 


OK 


OK 


Break 








80 


OK 


OK 


OK 


OK 


OK 


OK 


Break 







[0 0 8 0] Ml te7FLtzmWi^®Zmi~&UMt LT> 

^m±K^y^i-mtm^ 3 5 nmoiftf^ >mtr 

<DWs^<D~77^1-Wk\±, 1Sl^10 01C<7)»*S 
?Sft"CX^ $\z X nMWu%fitz%<r)^hZ>o ^77 

[0081] i/c suo«*rttr, *«±K^sy^ 

•^Rtgfl:^* >R ^ 7 ^ ^ ^ ^ 1^ L/c 

-rm±, 5 5 0°C(O*«in^TT^/^y ^K* t>ffM£ 
ti/c^t^^o -Oi^S)&fto:/^:r-R&. i^cjo 
^TH-Pt+EBT^£*tTv*&o |2^Mfii:ov^ 
tiitftf ^>iOlf^3 5 nm, 6 0 n nu 80 n 

[0 0 8 2] &4o. #M#40^^ioV^T. ft>ffc*-*> 

Ltv^ 0 £*U3\ 11 14 (a) KfrtJ:?^ rr>^^ 
h 0 b S:^*r^BStc^^^^7&^&&TSa5* 

Ml 1 a SI^x 7 f > ^ $ tL I) $ ^, /:^) T 

[0 0 8 3] *ftfe^K»*gO^*ca*#H*K*v^T 

i \tzmi~ i -5 *|&*#W^*Lfc 0 

[0 0 8 4] * 1 J: tUi:\ fg 1 Ot^Ci^r. MIL 
>WL<D9HBHP3 5 nm*illf, 4 2 0tOMT-C 

[oo8 5] i fc. i2oa^i:*v^, mt^^>m 

Ait ORlSii 3 9 0 r L t L S ^ o Ltf»U » 

nmitllf, 4 2 0t^gTT^MS-/7ftlt 
T >U 3 - * Ait oacB* l»jhi-& - t £ & i t # 

[0086] IO:t^f>, **/tv*T«Wtt 1 1 a 
LTfiMftO^-f-^gtSrilBiRltitl 0Jtfc«J« 
1" ^^ 0 v^T§Bm«l 1 a±(?)3>^ 
h *-)V2 0 brtOJKlc^$tt^g>fb^^ >I2 1 li 

[0 0 8 7] tiz, ^t^y^TMIl 1 a t LXm 



2 0 bfl^)Si:M$Wiftfryl2 ioit»t±6 

0 nm£l±ift3?i:4&o 

[0 0 8 8] ^tUCMLT, El 1 7 fc^-f-J: -9 ^> n > 
^^f^-^20 brtK»JS$*t&ttfl;?"* >H 0 9 
^35nmi:ni<^^t, TJl/^^All 1 0 b 
^7ftT»lIl 1 l^RfSLTRJcW 1 1 9#*C 

20 [0 0 8 9] Sfcfc. 7°7ftl^±i: 

(LTS) 9«^3Efj«LfclW*r*»«C«fEL 

rv-"^astoH#^i-<^te:6ii 8^tJ:9 

ft fc Q 5 5 Ott LTJg 

j&Sftfc^^R^ffiifty^^Rfc U 

1 0 OttlTt LT^jaSftfe^^RfceS^f- 

[0 0 9 0] 0 18 lz£filZ\ fifi«ft^ft (Pt) 
30 lOiCMfr/I^^LTT^^^Al^il 

T^MS^io^-c^ 4 0 0 toiaKK^rsifc;^* y 

ARORlS^IMfi+^^ii^^ofco BPt^ 4 0 Ot: 
o S JK -eft 9LA ft :/ ^ ^ ^ R t T ; v ^ ~ * A R t <o W& 
%$)5]kirZ>fzi&\Zli$ 3 0 nmX *) if^lftlftf^ 7 
>It»«t*fiR#**o 4 0 01CJ: Uftv*RRo» 
^Kli^ftKJG&CTftfl:^* >R£ 3 0 nmHTtClt 
& £V> 0 tot, 4 0 0t:^T«Kt^g:fiM7 7 
ftlt7;v^ AR4:ORi&*|»jlii-&fc»^tt. 
40 gjfc^ >Rojp$* 3 0nmi:W< LTJstfifi: 

[0 0 9 1 ] S 7^r. El 1 8 \z X fttf, iSMl^^ft 
(H-Pt) lo±i:Sftf ^ >RS:^Lt 7;v^^ AR 
*^j£LfcWftfci5V*T«\ 4 0 0°C C0SJS^i3V^TM 
ftf^>!OtW^4 0 nmt«fi7 0 7ftlt7 
A, $ - A R<OKJ63S*R*6-r o fc 0 m % . 

4 0 ot:oaflE-r<o*ajft*^7^^Ri:T>u^^^A 

Rt^Rj3>*K&jhi-^7ti6^«4 0 nrai «9 feffv^RJp: 
■CSft^^ J*t&M#*4o 4 0 0°Ci:^jg: 

so v»ajSO»^^ii-tn^JSC"CRftf-^ >R* 4 0 nm 
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[0 0 9 2] S: 4 0 0°C*^mt Lfc<DM\ M 1 5 
(b) lc^LfeTS6*ffi5lffiBB«ft2 1 b ftJ&JftLfclftfc* 
T;i^-*ABS2 2*fe4&T»««9lffiElll2 1 b co 
SfSftSrSSih -r&tztbK^ ^0±OWk2 3 a, 2 3 bUO 

[0 0 9 3] ki*"C, »2<7)iH«iIl 8^H^ 
*^>*T»*B1 1 a»l03V^ h*-;i/2 0 b 

|«fx.^:U:j:ori 1 9 Kfrf J: -9 Kf <0±S$ 

&o fit, 3>^?F*-^20 b o±§B£j£ < * 



10 



14 

^aciot, h*-/^ 0 b <OJIiS«"COaft 

[0 0 9 4] >kK, m 1 9 KfcLfcJ: o 
T§B*ffil 1 a<D±<n^>* ? F*-)V2 0 b <D|*lffi± 

h * - ^rtll-COlW*!'^: i ^ ^ 
SE2U*'tJ:^4tt** , »e>*t, tii^&tU5 
n mJSLLK&ofCo 

[0095] &*5. *2 K^Lfc* i^OJift^ ^pR. 

t^SLtv^o 
[0 0 9 6] 
[«2] 



BEC if-T X 


#0f 














0.6xi.8um 




4 5 urn 


52nm 


37nm 


52nm 


50nm 




73nm 


73nm 


93nm 


93nm 


87nxD 




52nm 


4xS nm 


45nm 


39nra 


35nm 


1.8umD 


m 


73nm 


95nm 


89nm 


62nra 


62 am 




120B3B 


187nm 


114nm 


135nm 


187mn 


<3> 


41nm 


54nm 


43nm 


41nm 


52nm 



[ 0 0 9 7] ±BLfc|W0Bli-Ctt. ^^>^Q*« 
0S2<7)il1«ill 8<0±teJ&ftS*t&T«W*3ltU 
SII2 1 b h*-;w 9 b 4iLt^ft^> 

^Q^OTfRmSl 1 ai:8it^*ili:^^r> TfflSK 
ffi5IUiK*2 1 b*r*«tt^^*^*r^g:^T«« 
Si 1 ai:SIt^i:^atv^ 0 

[0 0 9 8] «£o~£\ +t^>^QOT81Sl 1 a <h 

a, 2 0 b iraWF^Jfti-^rt^oTll^ftSO-C. T 
UMUl 1 a±^n>^^ h*-/l/2 0 b £^j£1-&Plt 
lc*S***§ <»4*^#6«JffitScffi*6 a, 6b_hcon 
>^h*-^18a, 18b W^fc^J&t'&'J&Ktt 

#3>^f*^18a, 18b, 20 
a , 2 0b ^^#<7)^»I K * & o 

CT* 2 £>>F#6»*« S^*#*«± fc»Jft 9 ft 

^XtTttlE* 1 <7)««^)± i: M ^ it t SiWIft 
$ft*:» 2 Itffi* 1 ^#fe#M<7) 9 ^tuffilS 

%i<D*-fr<n^\tzj&j&ztitzmi<o'7 i 7yk, mum 
± »** o ± k -t ft ^tLi&A ztitzm2<o*-frtm3 



£ tLfiO HIT E» 1^)7°7^ $ ft & « 1 <7)* 

$ ft & ft 2 coifm^ £>fi-r hc\t £#S 

(#IS2) **#36«OJt*o*lil6»Blo±^j«S 

^> mt^MM<o±\zw^^fitzm2mMB:t, m%^2 

0 nmJ: ») f v^T»IlBt t T ;v ^ ARt 

iizLxm^^rLxmm^-^^^^mm^2mmm^± 

jfiSftfc»2«»Bti:. HufS^2l6ltR^d ^>«utaTSI5 
m®otfj|Bn>^^ h«i*<7>±^^*9ft7t^-;vi:, 

iilit7;v^^Alh*Ii:f)SltiI$tit 
«HB* - fl/rt* fctWB* 2 M*KO±tc^ S ft & £& 
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mm 5 ) mum 2 mmm±x~<DmmTmmmm<vm $ 
(±12 5 nm&±-T?&2>z.tz&mti-2>mz2nmtt 
m 4 iiimco o 

(#IB6) fE*-;vfiTSi *) ^.tBtffZi & o t v> 

(#127) mm*- n-cD^miy 4 ^mzfe-tp-? 

(#158) lufB*-;K7)T^^^ Htli2tJiTt*|)l>; 
t ^#at-T4#lB 1 7iS#ffi7 Ov^-f *i^KfB«<0¥ 

(#12 9) mfffilfm#M£±> 
X v>£ £ t %#mi:1-^#lB 1 7iM#I5 7 WV^-fti^lc 

(#ffil 0) ffilET«m«t±in»TTJ&j£3:K.fcrt*:/ 

!g-C<D&/M§l!¥t± 4 0 nm<£ f)ipv^ t &# 

is i 7&m#ib 9 <D^-rtifrizmmv*i£'»mw. 0 

(#IB1 1) lulBT;i'^-'>AKO I t l i'(±'fi6<07t;«^ 
f fiX^i, £± *#«i-f *#E 2 75M#IB 1 0 <Ov>-f 
^*HC|B*<D**#:^«o 

(#IB12) **#*«0±*^#l*6l»Bt*^i-* 

z> ±t mm m**t;<y?«Efi «*Bt<o± k 

j£1-£XfIi:, WlBIg 2 5-=-y if LTfufB 

Tasms^itiB^^^^ hmttco±t,z*-)vifi.m,-rz> 

Igt, iulB*-;vcofiT'CO*/hKI»/6 ? 3 0 nml <0W- 
^T**«K* milB* - t ItrlB* 2 *fei#II<o±.ffltr 
ffttsitt, T;v5~?AjR£mj|BT&S«WLtK 
iitSISt, ltfIBT^5 AKtttrlBTltfe*mK 
i t id j; 19 mr§B*-;v&dl LTfufB 

Tgpmffi $ & w.b. * mum 2 ±. izm&-t 

(#ibi 3) mmTmmmmnmitJ- ? y . mt^-^y 
z&mt-r&wm 1 2 i;iB*<o^ai#««o»jt*i*o 

(#IB1 4) MIBTiem*SrflfJ3:-t ^buIB"/:? ■f-?-**E 
IfrfBJSKiJit^S/hKff^ 4 0 nmi l)f <Iftt5i 

t &#ib 1 2 xi±#ib 1 3 cB«o^ifl« 

(#ibi 5) tuiB»m#iii±3i»m*w»^t>^-t«> 

i tzsfcmt-f&mzi 2 7iM#IBl 4 <Dv*T*t5M;:fB 
(#IB16) ffiE*-;v<D±ffl5«:*-<0T»J: >? "feJ£<® 
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^tdlB«cO*aS^«cO»iS*feo 

(#!B1 7) ftrlBT;i^-?ARI4, T;V5-^Atcft& 
<otg* £ in x. Jt***^ <b £ at v^s c t t -f 
&#K1 2 7ijM#!fil 6«v^-ftL^^|2*o**#S» 

(#ib 1 8 ) friBifi 1 mm.m\zmt>fih h?y =jx 9 * 

&#IB1 2^S#IB1 7<Dv>r*i^KK«o¥jg#3£* 

10 

[0 0 9 9] 

mm* 3 0 nmx t>m< Ltz<ox, mM^mm-^-fy 

f-f t WM*%fot Z> T )\> ^ - *r A t «RJ£<4-T%aim 
[0100] L^t . T^^-^AtiP VDiZX 

[0ffi<7)ffi^.=fe^] 

[HI] Illi, to F e RAM iz ii It * / < •> 9 

[@2] i2ii, &mm<DmMMm<D¥-i£i$.gim(o$km. 
TM^TF-tmwm (-ewi) t-*s 0 
[13] H3i±. ^mnmmmmn^m^m^m^. 
30 xg^^-tsifMia (-to 2) r-*^>o 

[14] H4I±, ^WO^^<0^#:^«CD^ 
xe**i-ffMI21 (^<0 3) Xtbho 

[15] 0 5 11, $i«©IIiSOf*fIt«SI 
ISS^tlll (*«D4) T^^o 

[06] S6li, ^^W^M^co^jf^a^lg^ 
Xg^^fKfffiH (-ew5) -c-*^ 0 

[i7] H7i±. ^mommmm^m^momm. 

[18] II 8 14, ^B^co^ttf^cD^^^gwSjt 
40 xeSr^-TBffflH (-to 7) T-*& 0 

[H9] 11 9 14, *«W©HifeJ&»0D**fl«*<O«jS 

[110] HI Oli, 

[ill] Illli, H3 (a) ©I - Ht*» 

<t> 1 ) -Cab&o 
[0 12] II 2li, 113 (a) OI - IffitfPhfLttgi 

50 CO 2) T-JbSo 
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[{HI 3] HI 3U\ 13(a) 
(7)3) ~C*£o 

[ni4] m i 4tf\ in 3 (a) co i — na^^m^*^ 

(7)4) "Cab&o 

[HI 51 HI 5 tt. H 3 (a) 

IH1 6] HI 6MU Hi 5(b) £*Lfcn>** h* 
- )V gait h^r-v^v^T O g jRftlg Sr^TWr 

[HI 7] Hi 7HU V 77 i^>XO#S#^SK43&t 
[HI 8] 01814, ^9ftl, lftf^>lS^7 



10 
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* [119] HI 9*4. *«W05lifeJK«^^*t&3>^ 
^ h*-/i/OJ^<^'lfe<o«Sr^lBfBH"C*So 

;K 5 a, 5b-^Mffi> 6 

a, 6 b-nffl^*H»a;tk««. 7 8 
a, 8b-mS4IvVt^Ki^ 9-#^-JR> 1 
0-«WIjie»Bt. 1 1 a-T»l 

I, 12a-ilffi^ 13-* 2 

<0*«K. 13a-±«f, 14, 15, 16-Pv 
i7-x>^r;7l, 
19 a, 19 b, 19c»'iltt^/, 2 0-* 
itm±m, 2 0a, 2 0b-n^n*-iK 2 1- 

wr) 2 1 a-±«Bms3ims». 

2 1 b-T«W«3ltBEIIL 2 1 c h/<? 
h\ 2 2-7^^')Al, 2 3a-ifliils 2 3 

b-mmmmm, 2 4 2 5-795-? h?> 



[mi] 



[12] 




. "7 * 

106a 105a 106a 105b 106b J 101 102 

103 



3: P»>x^ 
4: V-HfiWH 
5a,5b; h*« 
6a,6b: 2F**1«£iftia« 



7: fiDSfeJftjBt 

9:2j/*-II 
10:*WHfc*BI 



[H8] 



[HI 6] 



*&m<r>mm»m <7) 



(11) 



I2 0 0 3 -2 0 4 0 4 3 



(a) 



. t , .J.„ 5a 5b 



(b) 




119 ELI&m 



[EB4] 



[B 1 8] 



(a) 



(b) 



13a i5m20)ui?xh/^-> 



////////// /lA\ 



12a. 




13a 



5 HO 



6a 3 i 

13a isar2<DUS?xh/^— v 



£ z z z / / z: 




300 



0 10 20 30 40 50 60 70 80 901001 10120130140150160 
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mi} 




[B9] 



21a 21c 
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[II 0] 




[mil] 



(a) 




(b) 



14 14 13a 14 



r 12 

-10 
9 



(15) 
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<a> 



(b) 



[11 1 2] 
*.mms>mm»m ?ns 




13a 13a 1 . 5 A3a 

12 ^ - 

//////// /////\/////y y 



■11 

-10 
~2 



[HI 3] 
*5fe»t<D§mfim (12) 

17 



v ///////// /// /¥/ / z //FT// i 



-10 
•9 
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(a) 



(b) 



[HI 4] 
&mm<nmmmm ri3> 



13a 2 ? 3 2 ? a 17 



20 20b 




(a) 



[HI 5] 
20a 13a 13a 




21b 



7n>|- ^-y©ll 
(72)fPJ5# 

#&jlI*JI|*fr1j'«RE±/hEB*4Ti 1 = 

»^JII»;i!lHfrtT*ME-h/hH*4TE 1 

(72) HE* Hi -ft 

#£JI|»JIIWTfr*lSE±/hffltMTi 1 
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F * - A (##) 5F033 HH04 HH08 HH09 HH18 HH26 



HH33 


HH34 


JJ01 


JJ08 


JJ09 


JJ18 


JJ19 


JJ33 


JJ34 


KK01 


KK07 


KK18 


KK31 


KK35 


LL04 


MM05 


MM13 


NN06 


NN07 


PP06 


PP15 


PP21 


QQ08 


QQ09 


QQ10 


QQ11 


QQ19 


QQ31 


QQ37 


QQ48 


QQ58 


QQ65 


QQ70 


QQ73 


RR03 


RR04 


RR08 


SS02 


SS04 


SS08 


SS11 


SS15 


TT02 


TT08 


W16 


WW02 


XX01 


XX13 


XX14 


XX20 


XX28 










5F083 FR02 


GA21 


JA02 


JA05 


JA15 


JA17 


JA19 


JA35 


JA36 


JA37 


JA38 


JA39 


JA40 


JA43 


JA53 


KA19 


MA05 


MA06 


MAI 9 


MA20 


NA01 


PR03 


PR21 


PR22 


PR23 


PR33 


PR34 









